Background/Aims: Secreted frizzled-related protein 4 (SFRP4) is a member of the SFRP family that acts as soluble modulators of Wnt signaling. Given the substantial rise in obesity, depot-specific fat accumulation and its associated diseases like diabetes, it is important to understand the molecular basis of depot-specific adipocyte differentiation. In the current study, we investigated the expression of SFRP4 in both subcutaneous and visceral adipose tissue in terms of their differentiation. Methods: White preadipocytes were isolated from the inguinal white adipose tissue (iWAT) and epididymal white adipose tissue (eWAT) from C57BL/6J mice (age: 8-week-old, male). SFRP4 expression in iWAT and eWAT preadipocytes was silenced by siRNA transfection and harvested cells for gene and protein expression analysis was performed during the differentiation. Furthermore, iWAT and eWAT preadipocytes treated with or without IL-1β were harvested for gene and protein expression analysis. Results: SFRP4 expression levels were gradually increased and proportionally associated with eWAT adipocyte differentiation toward maturation at 14 days, while iWAT adipocyte just showed an opposite tendency. Moreover, genetic (adiponectin, C/EBPα, C/EBPβ, FABP4, GLUT4 and PPARγ) analysis demonstrated that depot-specific adipogenesis in response to SFRP4 silencing in eWAT and iWAT preadipocytes. Upon IL-1β treatment, SFRP4 mRNA expression decreased significantly in iWAT adipocyte, but the expression was no significant difference in eWAT adipocyte. Conclusion: These results suggest that SFRP4 expression differentially mediates adipocyte differentiation and may play an important role in adipogenesis.
Introduction
Obesity represents a major global health problem. Adipose tissue dysfunction underpins the association of obesity with the development of chronic metabolic diseases, including type 2 diabetes [1] . Thus, research into the molecular and cellular mechanisms governing the maintenance of adipose tissue mass and function is critical for the development of effective therapeutic strategies aimed at reducing obesity-related diseases [2] . Adipose tissue is restricted to certain areas in the body and its growth is a result of preadipocyte hyperplasia (increase in number) and hypertrophy (increase in size) [3] . Adipose tissue can be found in areas composed of loose connective tissues, such as the subcutaneous layer between muscle and dermis. Fat depots can also be found around inner organs and in the muscle tissue, known as visceral and intramuscular fat, respectively [4] . Interestingly, preadipocytes in different fat depots seem to have distinct adipogenic potential, and the metabolic activity differs between mature adipocytes of various depot origins [5] .
Secreted frizzled related protein 4 (SFRP4) is a member of the SFRP family that contains a cysteine-rich domain homologous to the putative Wnt-binding site of frizzled proteins [6] . SFRPs act as soluble modulators of Wnt signaling, which block Wnt signaling either by working as a decoy receptor for Wnt ligands or by forming non-functional complexes with frizzled receptors [7] [8] [9] . We previously reported that compared with lean animals SFRP4 gene expression is elevated in the adipose tissue of obese animals [10] ; this result indicated that SFRP4 expression levels are markedly elevated during the differentiation of preadipocytes into mature adipocytes. In addition, SFRP4 has been shown to affect preadipocyte differentiation in human adipose tissue-derived mesenchymal stem cells through the Wnt/β-catenin signaling pathway [11, 12] . Moreover, SFRP4 expression was increased in the visceral adipose tissue from obese individuals and is associated with insulin resistance [13] . Later, studies demonstrated that serum SFRP4 levels are inversely correlated with the first phase of glucose-stimulated insulin secretion in individuals with different glucose tolerance [14] . Consistent with these data, SFRP4 has been reported to be overexpressed in islets of patients with type 2 diabetes and to reduce glucose tolerance and insulin secretion in humans [15, 16] .
The existence of intrinsic, fat depot-specific functional differences in both humans and animal models has been strongly supported by the differential gene expression of adipokines; in contrast, differences in the expression of mouse SFRP4 in subcutaneous vs. visceral adipose tissue adipocytes have not been well characterized. This study examined the effect of SFRP4 on the subcutaneous and visceral adipose tissue adipocyte differentiation in mice. We determined whether (1) there were site-specific differences in SFRP4 expression between subcutaneous and visceral adipose tissue adipocyte differentiation; (2) whether the adipose tissue expression of SFRP4 was related to lipid accumulation in adiposity; and (3) whether subcutaneous and visceral adipose tissue adipocyte SFRP4 expression was stimulated by the inflammatory factor interleukin-1 beta (IL-1β).
Materials and Methods
White preadipocyte isolation and culture White preadipocytes were isolated from the inguinal white adipose tissue (iWAT) and epididymal white adipose tissue (eWAT) (age: 8-week-old C57BL/6J mice. Body weight: 20-22g). iWAT and eWAT were isolated from 20 mice according to the established method [17, 18] . In brief, adipose tissues were collected from the epididymis or inguinal region of mice under sterile conditions, and washed in phosphatebuffered saline for three times. The tissue mass was cut with scissors into approximately 1 mm 3 sections and digested with 1 mg/mL type I collagenase at 37°C for 40 min in a shaking water bath. Then, Dulbecco's modified Eagle's medium/nutrient mixture F-12 (DMEM/F12) medium containing 10% FBS was added to stop digestion. To remove undigested tissue fragments and large cell aggregates, digested tissue suspension was filtered through 200 µm nylon mesh. The stromal vascular fraction was collected by centrifugation at 800×g for 5 min and then treated with red cell lysis buffer (154 mM NH 4 Cl, 10 mM KHCO 3 , 0.1 mM EDTA) for 5 min at room temperature. The stromal vascular fraction cell pellet was collected by centrifugation and washed twice with serum free medium. Then, the cells were resuspended with DMEM/F12 supplemented with 10% fetal bovine serum and 1% Pen/Strep. Finally, the cells were seeded in culture dishes at a density of 5×10 4 cells/cm 2 and cultured at 37°C in humidified atmosphere with 5% CO 2 . For white adipocyte in vitro differentiation, fully confluent cells were kept in 10% FBS DMEM/F12 growth medium for 2 days and then treated with induction medium supplemented with 20 nM insulin, 1 nM triiodothyronine, 0.25 µM dexamethasone, 0.5 mM isobutylmethylxanthine, and 1µM rosiglitazone. After 3 days, the cells were kept in medium supplemented with 20 nM insulin and 1 nM triiodothyronine for 3 to 6 days. Medium was exchanged every 2 days. White adipocyte differentiation pattern was shown in Fig. 1A . The animal experimental protocol was approved by the Laboratory Animal Administration Committee of Xi'an Jiaotong University and carried out according to the Guidelines for Animal Experimentation of Xi'an Jiaotong University and the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH Publication number 85-23, revised 2011).
qRT-PCR analysis
Total RNA from adipocytes was extracted using TRIzol Plus (Invitrogen, Carlsbad, CA, USA), and cDNA was synthesized with a SuperScript® III First-Strand Synthesis System (Invitrogen, Carlsbad, CA, USA). qRT-PCR analysis was performed using TaKaRa TP800 (TaKaRa Biology Inc., Shiga, Japan). The number of transcripts was quantified, and each sample was normalized according to its β-actin content. Relative expression of the gene of interest was determined using β-actin as the housekeeping gene using the calculation = 2 (Ct β-actin gene -Ct gene of interest)
. All the qRT-PCR experiments were performed in accordance with the MIQE guidelines [19] . The PCR primer sequences are shown in Table 1 .
Western blotting analysis
Adipocyte samples were homogenized in lysis buffer (HEPES 50 mM; NaCl 150 mM; Triton X-100 1%; Na 3 VO 4 1 mM; NaF 30 mM; Na 4 P 2 O 7 10 mM; EDTA 10 mM; Aprotinin 1µg/mL; Antipain 1µg/mL; Pepstatin 1µg/ mL; Leupeptin 1µg/mL; Benzamidine 2.5 mM; AEBSF 0.5 mM, pH = 7.4) at 4°C. The resultant supernatants were subjected to Western blotting. Briefly, 30 µg of lysate was fractionated on 10 % SDS-polyacrylamide gels and then transferred to Sequi-blotting polyvinylidene fluoride membranes (Bio-Rad, Hercules, CA, SFRP4 knockdown SFRP4 small interfering RNA (siRNA) and negative control (NC) siRNA were purchased from RiboBio (Guangzhou, China) (siRNA sequences are shown in Table 2 .). In pioneer study, we designed and tested three SFRP4 siRNA sequences and chose siRNA3 for the following experiments because of the strongest knockdown activity (data not shown). Preadipocytes were grown on six-well plates until they reached 50-80% confluence. The siRNA solution mixed with antibiotic-free Opti-MEM containing NanoJuice Transfection reagents (Millipore, Billerica, MA, USA) was added to each well to achieve a final siRNA concentration of 50 nM. Knockdown was assessed 72 h post-transfection by real-time RT-PCR and Western blotting. Transfected cells were then cultured in serum-containing medium for an additional 3 days before the induction of differentiation under standard differentiation conditions. At differentiation days 0, 7 or 14, cells were harvested for subsequent analysis. Protocol for SFRP4 siRNA interference was shown in Fig. 1B .
IL-1β treatment
White preadipocytes isolated from the eWAT and iWAT as above were treated with recombinant mouse IL-1β active protein (Sino Biological Company, Beijing, China) at 25 ng/mL for indicated the time points as described previously [15] .
Oil Red O staining
Dishes were washed twice with phosphate-buffered saline and fixed with 10% buffered formalin for at least 1 h at room temperature. Cells were then stained for 2 h at room temperature with a filtered Oil Red O solution (0.5% Oil Red O in isopropyl alcohol), washed twice with distilled water, and observed under a light microscope. Oil Red O staining area was quantified by the image analysis system (WinRoof Mitani Co., Tokyo, Japan) [20] .
Statistical analysis
All data are expressed as the mean ± SEM. Statistical analyses were performed using either Student's t-test with an equal F value or Welch's t test when the F value was not equal. Data from three groups were analyzed by one-way ANVOA, followed by Tukey's multiple-comparison procedure. For unequal variances, data were evaluated by the Kruskal-Wallis test. Statistical significance was determined to be reached at a P-value of less than 0.05.
Results
Expression pattern of SFRP4 in eWAT adipocyte differentiation eWAT preadipocytes were induced to differentiate into mature adipocytes. Our data showed that at 2 days post confluence, growth-arrested eWAT preadipocytes were induced into mature adipocytes; we measured SFRP4 mRNA and protein expression pattern during adipocyte differentiation of mice eWAT adipocytes. The levels of SFRP4 mRNA and protein increased after the treatment with inducers, and the peak expression was on day 14 ( Fig. 2) . The differentiation status of eWAT adipocytes was monitored by Oil Red O staining, which indicated that terminal differentiation had been reached (Fig. 2) .
SFRP4 promoted eWAT preadipocytes differentiation
To explore the role of SFRP4 during eWAT preadipocyte differentiation, siRNA was used to interfere with the expression of SFRP4. Knockdown was maintained throughout differentiation. The results demonstrated that SFRP4 siRNA significantly inhibited both the mRNA and protein expression of SFRP4 at 72 h post-transfection and induction (Fig. 2C-D) . SFRP4 knockdown resulted in decreased lipid accumulation throughout differentiation (Fig. 2C) . Additional features of differentiating eWAT adipocytes were assessed by RT-PCR and Western blotting analysis of adipogenic markers (Fig. 3 ). There were significant decreases in the mRNA levels of adipogenic markers, including peroxisome proliferatoractivated receptor gamma (PPARγ), glucose transporter 4 (GLUT4), adiponectin, and FABP4. Analysis of the protein expression confirmed the adipogenic effects of SFRP4 knockdown. Adiponectin protein levels were significantly reduced at differentiation day 14 after SFRP4 knockdown (Fig. 3) . Protein expression levels of leptin and FABP4 were not changed during the differentiation of SFRP4 knockdown cells (Fig. 3) .
Furthermore, we determined the effects of SFRP4 knockdown on the expression of genes involved in the canonical Wnt pathway. SFRP4 knockdown promoted an increase in the Fig. 3) . However, the knockdown exhibited no effect on downstream gene expressions (cyclin D and c-Myc) (Fig. 3) . Protein expression analysis confirmed the results that β-catenin increased significantly compared to the control group after SFRP4 knockdown. These results suggest that the adipogenic effects of SFRP4 knockdown may be at least partly mediated by the modulation of canonical Wnt/β-catenin signaling.
Expression pattern of SFRP4 in iWAT preadipocyte differentiation
To extend our observations, we performed similar experiments in iWAT preadipocytes. Our data showed the SFRP4 mRNA expression pattern during adipocyte differentiation of mouse iWAT adipocytes. At 2 days post-confluence, growth-arrested iWAT preadipocytes were induced into mature adipocytes. The level of SFRP4 mRNA and protein was reduced significantly after treatment with inducers from day 0 to day 14 ( Fig. 4A right, B) . The differentiation status of iWAT adipocytes was monitored by Oil Red O staining, which indicated that terminal differentiation had been reached (Fig. 4A, left) . As shown in Fig. 5B -C, we observed that SFRP4 siRNA treatment at day 7 significantly reduced the levels of SFRP4 mRNA and protein but exhibited no effect on cellular lipid accumulation as assessed by Oil Red O staining (Fig. 5A) .
SFRP4 knockdown altered early stage iWAT adipocyte differentiation
The impact of SFRP4 on adipogenesis in iWAT was assessed by knockdown before the start of the differentiation, followed by mRNA expression analysis of adipogenesis-associated genes at different time points. Pivotal adipogenic transcription factors including C/EBPα, C/ EBPβ, FABP4 and GLUT4 mRNA levels were significantly increased at differentiation day 0 (Fig. 6A) . On the third day of induction, only adiponectin mRNA expression level increased after SFRP4 silencing (Fig. 6B) . However, after 7 days of induction, SFRP4 knockdown did not have an impact on the adipocyte differentiation phenotype (Fig. 6C) , since the expression of several adipocyte marker genes including adiponectin, C/EBPα, C/EBPβ, FABP4, GLUT4, and PPARγ as well as cell morphology were unaltered at full differentiation (Fig. 6C) ; this result suggests that, at least under the present conditions, SFRP4 may not influence adipogenesis to any significant degree in iWAT adipocytes. In addition, protein expression analysis confirmed the adipogenic effects of SFRP4 knockdown. After 7 days of induced differentiation, C/EBPα, FABP4 and leptin protein expression levels were significantly increased and remained throughout differentiation after SFRP4 knockdown (Fig. 6E-F ).
Next, we tested the Wnts gene expression levels. We found that the Wnt/β-catenin pathway of Wnt3a and Wnt7a mRNA expression levels were inhibited, but noncanonical Wnt signaling of Wnt5a and Wnt11 mRNA expression levels were promoted after SFRP4 The effect of SFRP4 knockdown on differentiation day 7 of iWAT adipocyte priming was assessed using RT-PCR. (C) SFRP4 protein expression was assessed by Western blot (β-tubulin was used as a loading control). A representative blot and quantification of the data from three to six independent experiments were shown. The results were expressed as fold change compared with NC cells. Data were expressed as the means±SEM. n=3-6 independent experiments. *P<0.05, **P<0.01 vs. control. (Fig. 6D) . Analysis of protein expression demonstrated that the protein expression of the Wnt/β-catenin pathway marker β-catenin was decreased significantly compared to the control cell ( Fig. 6E-F) , which was consistent with the mRNA expression of Wnts (Wnt3a and Wnt7a). Thus, these observations indicated that SFRP4 may play an inhibitory role in the early stage of iWAT adipocyte adipogenesis. In particular, the changes in cell morphology and the increase in C/EBPα, C/EBPβ gene expression upon SFRP4 knockdown suggest a role for SFRP4 in cell fate determination and commitment (Fig. 6) .
Effect of IL-1β on SFRP4 expression in eWAT and iWAT adipocytes
Previously, a study demonstrated that SFRP4 expression correlated with an inflammatory marker, and its release from islets was stimulated by IL-1β [15] To further explore the modulatory role of IL-β in the context of SFRP4 expression, we examined the effect of SFRP4 on the sensitivity to IL-1β. eWAT preadipocytes were incubated with IL-1β during maintenance and differentiation in the presence 25 ng/mL IL-1β. As expected, lipid accumulation was reduced by IL-1β (Fig. 7A ). IL-1β had no effect on SFRP4 mRNA expression (Fig. 7B) . By comparison, IL-1β significantly increased the inflammatory gene expression of interleukin-6 and monocyte chemotactic protein-1 (Fig. 7C) . To our surprise, it significantly suppressed GLUT4, PPARγ and adiponectin gene expression (Fig. 7C) . We also observed that IL-1β suppressed adiponectin protein expression (Fig. 7D-E) . However, IL-1β had little effect on the levels of tumor-necrosis factor-α (TNF-α), perilipin 2 and C/EBPα genes (Fig. 7C) .
Next, we investigated IL-1β induced changes of the targeted genes and proteins in iWAT adipocytes. As shown in Fig. 8A , IL-1β treatment markedly suppressed the lipid accumulation of adipocytes. As anticipated, IL-1β stimulated targeted inflammatory factor gene expressions such as TNF-α, monocyte chemotactic protein-1 and interleukin-6 (Fig. 8C) . Our results showed that the mRNA or/and protein expression levels of adipogenic genes (including C/ EBPα, GLUT4 and PPARγ) were reduced by IL-1β (Fig. 8C-D) . Unlike eWAT adipocytes, IL-1β (Fig. 8B-D) . Thus, these data suggested that although IL-1β inhibited SFRP4 expression it can exhibit an antiadipogenic function in iWAT adipocytes.
Discussion
As worldwide rates of obesity and related metabolic disorders increase, we are compelled to better understand the fundamental mechanisms underlying adipocyte formation and fat tissue expansion [21] . We and others show that the capacity of adipose tissue to generate new adipocytes is dependent on the fat depotmurine subcutaneous fat having a greater adipogenic potential than visceral adipose tissue [22] . In the current study, the inguinal depot (iWAT) was used as a representative of a subcutaneous adipose tissue (SAT) while epididymal adipose tissue (eWAT) was used as a representative for visceral adipose tissue (VAT). In addition to considering the plasticity of different parts of adipose tissue, there were significant differences between SAT and VAT adipocyte size of fat depot under energy balance stress [23] . Research showed that the small volume adipocyte ratio of SAT and omental VAT of the non diabetic patients was higher than the number of fat cells in diabetic patients with obesity. In addition, Microarray Analysis showed that internal immune cell composition of high fat diet fed mice WAT was different with chow diet mice. On the other hand, this study also found in the initial stage of obesity, gonad VAT was firstly hypertrophy, next was SAT and mesenteric VAT [24] . Another research -1) , and tumor necrosis factor alpha (TNF-α and the adipogenic markers perilipin 2, adiponectin, C/EBPα, GLUT4, and PPARγ were assessed by RT-PCR. After treatment by IL-1β, IL-6 and MCP-1 were 20-fold higher compared to the control group. Adiponectin, GLUT4 and PPARγ mRNA expression levels were decreased significantly compared to control group. (D) C/EBPα, adiponectin and β-catenin protein expression were determined by Western blot (β-tubulin was used as a loading control). A representative blot and quantification of the data from four independent experiments were shown. Results were expressed as fold compared with control cells. Data were expressed as the means±SEM. n=4 for each group. *P<0.05, **P<0.01 vs. control. team carried out a similar experiment found that the increase of VAT fat volume was mainly caused by hypertrophy of adipocytes, while the increase of SAT was mainly achieved by cell proliferation [25] . VAT adipocytes are easier to die after terminal differentiation than SAT adipocytes. Therefore, VAT preferentially produced adipocyte hypertrophy, while SAT increases the number and activity of progenitor cells through the proliferation of adipocytes [26] .
As known, RNA interference has been widely adopted to repress specific gene expression and is easily achieved by designing siRNAs with perfect sequence complementarity to the intended target mRNAs [27] . Although siRNAs direct Argonaute, a core component of the RNA-induced silencing complex, to recognize and silence target mRNAs, they also inevitably function as microRNAs and suppress hundreds of off-targets [28] . Such miRNA-like off-target repression is potentially detrimental, resulting in unwanted toxicity and phenotypes. In this experiment, we designed and synthesized three siRNA sequences according to the SFRP4 gene sequence, then we selected a best one to the follow experiment according to the interference efficiency. Secondly, the mechanism of siRNA regulation is to silence the expression of the corresponding target gene by complementing each other, so it is a typical negative regulation mechanism. siRNA is highly specific to identify target sequences, as the degradation occurs first in the central location relative to siRNA, the central base sites are extremely important. Once mismatch occurs, it will seriously inhibit siRNA effect. The designed siRNA sequence is specific to the SFRP4 gene and has no effect on the mRNA 
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Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry expression of other genes in the adipocytes. So siRNA will only complement each other with specificity of target gene, but not complement with other genes. Even if some other genes are partially combined, they all belong to mismatch, which will not lead to RNAi effect. Several recent studies demonstrated that circulating SFRP4 levels are elevated in patients with diabetes mellitus and possibly correlated with various aspect of the metabolic syndrome [29] [30] [31] , suggesting that this protein is generally involved in islet dysfunction and potentially subclinical inflammation irrespective of the type of diabetes [31] . In the present study, we demonstrated that silencing SFRP4 inhibited eWAT preadipocyte differentiation; in contrast, SFRP4 silencing promoted iWAT preadipocyte differentiation through the induction of adipocyte differentiation progression. Although SFRP4 has been shown to play an important role in several types of disease [32] [33] [34] , the expression and function of SFRP4 in eWAT adipocyte development has not been fully investigated. In the current report, we first observed that SFRP4 expression was increased upon the induction of differentiation in eWAT preadipocytes. These findings led us to hypothesize that SFRP4 may be a promoter of adipogenesis and that the observed increase in SFRP4 expression may represent an integral part of the adipogenic process. To test this, we characterized the effects of SFRP4 at various stages of adipogenesis. SFRP4 knockdown resulted in the reduction of PPARγ and adiponectin mRNA expression; this result was consistent with the previous study [11, 12] . Further biochemical and functional analysis revealed the reduction of adipogenesis in mature adipocytes; these findings demonstrate that SFRP4 may positively regulate adipogenesis in eWAT adipocytes.
Since its discovery as an inhibitor of Wnt/β-catenin signaling [6] , SFRP4 has been shown to play a negative role in Wnt signaling pathways [35, 36] . The molecular mechanisms underpinning these diverse effects have, to some extent, been previously described, and recent work has added new insights [37] . In our study, the knockdown of SFRP4 increased the β-catenin and downstream transcription factors-4 mRNA expression; SFRP4 serves as a negative regulator of the canonical Wnt/β-catenin pathway by facilitating the interaction between Wnt and its membrane receptor fizzled, a process essential for Wnt pathway activation.
In contrast to our expectations, SFRP4 knockdown in iWAT preadipocytes increased adipogenic gene expression during the induction process at the early stage of differentiation. However, at day 7 of differentiation, gene expression and lipid accumulation were not different between the control and the siRNA SFRP4 group. SFRP4 was thought to play a negative role in iWAT preadipocyte differentiation at the early stage; this result was consistent with the human primary adipocytes isolated from the iWAT [13] . Wnt3a inhibited 3T3-L1 preadipocyte differentiation [38] , but Wnt5a promotes adipocyte differentiation in 3T3-L1 preadipocytes [39] ; these results were consistent with our findings. Additionally, pro-inflammatory Wnt5a was not measurable in any serum samples of lean control subjects. In patients with obesity, however, Wnt5a became significantly detectable consistently with low grade inflammation in these subjects [40] .
Leptin, primarily secreted by subcutaneous white adipose tissue, plays an important role in regulating energy balance and body mass [41] . Specifically, depot-specific differences in leptin gene expression have been observed in both human and rodent adipocytes [42] [43] [44] . Our present data suggested that SFRP4 silencing stimulated the release of leptin in the iWAT adipocytes; however, there was no difference in leptin secretion at the late stage of adipogenesis in the eWAT adipocytes. This result was consistent with the previous study that leptin functions in lipolysis during iWAT adipocyte differentiation [45, 46] . Furthermore, we observed no difference in the lipid accumulation of iWAT adipocytes at day 7 (Fig. 5A) , which was consistent with a previous study showing that leptin inhibits the accumulation of lipid in adipocytes by increasing the turnover of triglycerides [47, 48] . Collectively, our data indicated that the knockdown of SFRP4 might increase the systemic level of leptin in the late stage of iWAT adipocyte differentiation.
A similar expression pattern was observed with adiponectin. We have shown that in the knockdown of SFRP4 in eWAT adipocytes the protein expression level of adiponectin was Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry decreased significantly in the process of differentiation, but there was no difference in iWAT adipocytes. Adiponectin is exclusively expressed by mature adipocytes, with increasing expression and secretion during the process of adipocyte differentiation, and there were higher levels of adiponectin mRNA and protein expression in the subcutaneous compared with visceral fat [49, 50] ; these results were consistent with our study. On the other hand, we found that the adiponectin mRNA expression level was consistent with PPARγ in the eWAT adipocyte differentiation process; these results confirmed that globular and fulllength adiponectin bind to both types of receptors and mediate the activation of PPARγ and, consequently, glucose uptake and fatty-acid oxidation [51] . Hence, our results revealed that SFRP4 promotes the eWAT preadipocyte differentiation possibly through the adiponectin-PPARγ signaling pathway through inflammation associated with either obesity or insulin resistance [52] . Proinflammatory cytokines produced by adipose tissue in obesity could alter insulin signaling and action [53] . IL-1β decreased insulin-induced glucose transport in adipocytes mainly by inhibiting insulin receptor substrate-1 expression in 3T3-L1 cells [54] .
On the other hand, a previous study demonstrated that SFRP4 expression correlated with inflammatory markers, and its release from islets was stimulated by IL-1β [14] . Therefore, SFRP4 provides a link between islet inflammation and impaired insulin secretion.
In the present study, after incubation with recombinant protein IL-1β on eWAT and iWAT adipocytes, we revealed that IL-1β did not promote SFRP4 mRNA expression in eWAT adipocytes, but IL-1β inhibited SFRP4 expression in iWAT adipocytes. Taken together, our results show that SFRP4 is a potent, positive regulator of adipogenesis in eWAT adipocytes but negatively regulated iWAT adipocyte differentiation. Accordingly, in vitro studies suggest that the expression of SFRP4 during adipocyte differentiation is very complex and varies among adipose tissues. Moreover, the findings reveal that the genes determining body size may play a dynamic role in obesity development, perhaps through depot-specific fat accumulation. In this context, our study paves the way for future research regarding distinct adipose tissue depots for elucidating cellular mechanisms in obesity.
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